Introduction: On march 2, 2016, the principal of Omindamba primary school in Outapi district notified the Outapi hospital of a cluster of students
Introduction
Schistosomiasis is an acute and chronic neglected ancient human disease caused by parasitic worms, affecting people worldwide, particularly in the poorest communities [1] . People are infected during routine agricultural, domestic, occupational and recreational activities which expose them to infested water [2] . When an infected person defecates, or urinates in or near freshwater, releasing a proportion of the eggs into the water, eggs hatch and infect their intermediate snail host. The eggs hatch to release miracidia that then infect the snails. The miracidia develops within the snails into cercariae that are then released by the infected snails to penetrate a person's skin and develop into mature worms [3] .
Lack of hygiene and certain play habits of school-aged children such as swimming or fishing in infested water make them especially vulnerable to infection [1] . All ages are at risk of infection with freshwater exposure in endemic areas [4] . Environmental, climatic and demographic changes, as well as increasing urbanization, may have a considerable effect on the transmission of this infectious diseases [5] . There are two types of schistosomiasis disease-urinary and intestinal schistosomiasis. Urinary schistosomiasis is caused by S. haematobium, while intestinal schistosomiasis is caused by either S. mansoni, S. japonicas, S. intercalantum or S.
mekongi [6] . Schistosoma parasites can penetrate the skin of persons who come in contact with contaminated freshwater, typically when wading, swimming, bathing, or washing.
Schistosomiasis affects almost 300 million people worldwide each year. More than 61.6 million people were reported to have been treated for schistosomiasis in 2014 [7] . A total of 258 million people was estimated to require treatment for Schistosomiasis in 2014; of whom 123 million (47.6%) were school-age children (5-14 years of age). Additionally, 91.4% of the people estimated to require treatment for schistosomiasis lived in the African region [7] .
Schistosomiasis causes severe morbidity in large parts of Africa, Asia, and South America. The World Health Organization (WHO) recommends preventive chemotherapy and transmission control (PCT) with praziquantel for the prevention, control, and treatment of the disease, which is provided to target populations through Mass Drug Administration (MDA), i.e., the treatment of entire populations irrespective of disease status [8] . In Namibia, the disease is endemic in the northern regions of the country, especially in Kavango and Omusati regions [9] . The average of 27 schistosomiasis cases are reported in the region per month [10] .
According to Namibia Statistic Agency (NSA) in 2011, 51.6% of the households in Omusati region had safe running water supplies (from the taps) inside or outside their dwellings, for cooking and drinking, while 48.4% had unsafe water supplies, either from the river, dam or streams [11] . On March 2, 2016, the principal of Omindamba Primary School in Outapi district notified the Outapi hospital of a cluster of students complaining of dysuria and passing bloody urine.
As a public health action, a team from Outapi district consisting of a surveillance focal person, environmental health officials and Namibia Field Epidemiology and Laboratory Training Program (NamFELTP) resident went to the school to investigate the outbreak. The investigation aimed to identify the agent, source of infection, and to determine factors associated with the outbreak at Omindamba primary school. were advised to identify students who visit toilets frequently and to be interviewed before regarded as cases. We visited class-by-class to identify cases. Controls were randomly selected from the same class as cases. We used a simple random sampling method to select controls. Cases randomly picked a paper from a box which contained the names of all students who were not cases and then we interviewed them as possible controls.
Methods

Inclusion and exclusion criteria:
We recruited all the cases whether they swim in canal water or not, and whether they consume the ground water, if so, is it treated or boiled before use.
Data were collected using an interviewer-administered checklist for the study participants. We then entered it into a computer based line listing form. Permissions to carry out the investigation were also sought from the Ministry of Health and Social Services-Omusati region, the school principal, students, and their respective teachers. Verbal informed consent was sought from the students. Confidentiality was maintained throughout and after the study. Names of the students were not included on the checklist for confidentiality reasons.
Results
A total of 250 students were recruited for the case-control study.
There were 75 (60%) males and 50 (40%) females, in both cases and controls. The mean age for cases was 11.3 years and controls was 11.0 years, while the standard deviation was 3.2 years in both cases and controls. The most affected age group was 11-15 years with 63(50.4%) cases, followed by 6-10 years with 51 (40.8%) (Table 1 ). The canal in the region runs through
Omindamba village which had the majority of cases, 57 (45.6%).
Omikwiyu village, which had the second highest number of cases among students 35 (28.0%), is closer to Etaka pond, compared to other villages. Iishanaputa with 1 (0.8%) case is far from Etaka pond but closer to the canal ( Figure 1, Figure 2 ).
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Male students were more affected, but there was no gender association (odds ratio OR =1.0; 95% CI=0.6-1.7; p-value=0.9).
There was no association between using a tap (OR = 0.63; 95% CI = 0.4-1.1; p-value = 0.13) or a canal OR = 0.63; CI = 0.4-1.1; pvalue = 0.13) as a source of drinking water with being a case.
Swimming in the canal (OR = 4.13; 95% CI: 1.3-12.8; p-value = 0.02) was significantly associated with the infection. Having none of the caregivers employed (OR = 1.52, 95% CI: 0.9-2.6, p-value = 0.07) was not associated with being a case ( Table 2 ). The independent factors for being a case for dysuria and haematuria were swimming in the canal (adjusted OR = 3.58; 95% CI = 1.14-11.2; p-value = 0.03) and using Etaka pond as a source of water (adjusted OR = 1.95; 95% CI = 1.09-3.50, p-value = 0.02) from an unconditional logistic regression model (Table 3) .
Discussion
In our investigation, we found that the cause of dysuria and haematuria among students of Omindamba primary school was Schistosoma hematobium infection. From our case-control study we found that swimming in the canal, and using water from the Etaka-pond were the independent factors for being a case for dysuria and haematuria. These findings are similar to a study done in Zimbabwe, where there were significant associations between having schistosomiasis infection and participating in swimming, bathing in the dam, fishing using a fishing line and fishing with legs in water [13] . However, drinking from the canal was not found to be significantly associated with Schistosomiasis in our study because only 33 (26.4%) of cases drank from the canal as opposed to 121 (96.8%) of cases who swam in the Canal. A systematic review
showed that access to safe water supplies was found to be associated with significantly less likelihood of infection with S.
haematobium, S. mansoni, and S. japonicum [14] . In our study, a higher percentage of the controls compared to cases use tape water, while less percentage of the controls swam in the canal.
Secondly, a higher percentage of the controls boiled the ground water compared to the cases. This is a clearly shows that the cases were more predisposed to the risk of being infected.
We also found that more males were infected compared to females with no significant association. Socio-cultural factors, where males are mostly engaged in water-contact activities like swimming and bathing, fishing, farming and watering cattle could lead to higher exposure among males. This finding is consistent with studies conducted in Ethiopia, Nigeria, Malawi, and Namibia [15] [16] [17] [18] . On the contrary, studies carried out in Zimbabwe, Ghana and Nigeria showed a higher prevalence of urinary schistosomiasis among females than males [13, 19, 20] . This discrepancy with our findings could be due to the differences in cultural practices that expose females to Schistosomiasis risks.
While some of the students who had schistosomiasis also had access to safe running water, it seems that the ability of safe water sources to prevent Schistosoma infection would depend on how well they prevent dermal contact with schistosome-infested environmental water bodies. In the case of this outbreak, there might be a lack of knowledge about schistosomiasis among students and their parents because a study conducted by Uusiku and Small, (2009) in the same region in Namibia indicated a low level of knowledge among school children [18] . This finding is consistent with a study done in Mozambique which revealed that though awareness on schistosomiasis was high, knowledge of how it is acquired, transmitted, and prevented was low among those who have heard of the disease [21] . It also points out that, misconceptions, such as the belief that schistosomiasis is transmitted through sexual contact were common [21] .
Our study found students who had no employed caregiver at home more at risk of contracting the infection compared to those who had at least one employed caregiver. However, this association was not statistically significant. Employed individuals are likely to have safe running water supplies in their homes. Hence, students with no employed caregiver can easily be exposed to infested sources when fetching water for domestic uses. This finding is comparable to a study from China, where unemployed individuals had a high prevalence of schistosomiasis [22] . An earlier study by Uusiku and Small (2009) in the same region as the current investigation revealed that most of the cases had at least one caregiver working; in comparison to those who had no working caregiver [18] .
There were at least three limitations to the generalization of the findings of this study. Firstly, the results of this study cannot be generalized to the population in Omusati region as the study focused on students of a specified school only, and from few villages of the region. Secondly, some controls could have been latent cases as a result of incubation period during the time of the study and therefore will not present with haematuria according the case-definition and hence will underestimate the effect that is, Page number not for citation purposes 5 biasing the true association toward the null. Lastly, the young age of students may have limited some necessary information, e.g., the educational and employment status of the caretakers; that could be possible contributing factors to Schistosoma infections.
Conclusion
In conclusion, there was a Schistosomiasis outbreak among pupils attending at Omindamba primary school which was caused by Schistosoma hematobium. Swimming in the canal and using 
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